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FOREWORD 


This report in a nummary of the work 
performed on NASA Contract NAS8-3in44. The 
investigation wan conducted for the National 
Aeronautics and Space Administration, George 
C. Marshall Space Flight Center, Huntsville, 
Alabama. The Contracting Officer's Technical 
Representative wan Mr. F. Vi Holla. 

The short-term objective of this preliminary 
study of transistors, diodes, and FETS is to 
evaluate the reliability of those discrete 
devices, from different manufacturers, when 
subjected to oower and temperature step 
stress tests. 

The long-term objective is to gain more 
knowledge of accelerated stress testing for 
use in future testing of discrete devices, as 
well as to determine which type of stress 
should be applied to a particular device or 
design . 

This report is divided as follows: descrip- 
tion of tests, figures, tables, and appendix. 
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INTRODUCTION 

DC A R»llaHility Laboratory, unfler Contract 
NA?R-?1944 for NARA/Marsha 1 1 Space Flight Center, 
has compiled data for the purpose of evaluating 
the effect of power/temperature stop stress when 
applied to a variety of semiconductor devices. 

This report covers the transistor JANTX2N2905A 
manufactured by Texas Instruments and Motorola. 

A total of 48 samples from each manufacturer was 
submitted to the process outlined in Table 1. In 
addition, two control sample units were maintained 
for verification of the electrical parametric 
testing . 

TKST RKQUIRRMFNTS 
Electrical 

All test samples were subjected to the electrical 
tests outlined in Table 2 after completing the 
prior power/temper ature step stress point. These 
tests were performed using the Fairchild Model 600 
High-Speed Computer-Controlled Tester. Additional 
bench testing was also required on the devices. 

Stress Circuit 

The test circuit shown in Figure 1 was used to power 
all of the test devices during the power/temporaturc 
stress conditions. The current was set by Ij.; and the 
voltage was varied in order to comply with the sfcci- 
fied power rating for this device. At least one of the 
devices was subjected to maximum rated power (MRP) . 

All remaining devices wore subjected to no less than 
90% of MRP. See Figure 1 for load resistance values 
and voltages. 
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Group I - Power Stres tt 

Thirty- two units, 16 from each manufacturer, were 
submitted to the Po ’or Stress Process. The diodes 
were stressed In 500-hour steps at 50, 100, ’?5, 
150 and 175 percent of maximum rated power (MRP) 
for 2500 hours or until 50% or more of the devices 
in a sample lot failed.* Electrical measurements 
were performed on all specified electrical 
parameters after eacfi power step. See Ta- 
ble 1. (*See Notes at end of text.) 

Thirty-two units, 16 from each manufacturer, were 
submitted to the Temperature Stress I Process. 
Group II was subjected to 1600 hours of stress at 
maximum rated power in increments of 160 hours. 
The temperature was increased in steps of 25°C, 
commencing at 75°C and terminating at 300°C or 
until 50% or more of the devices failed.* Electri- 
cal measurements were performed on all specified 
electrical parameters after each temperature step. 
See Table 1. 

Group I II - Temperature S tress II 

Thirty-two units, 16 from each manufacturer, were 
submitted to the Temperature Stress II Process. 
Group III was subjected to \12 hours of stress at 
maximum rated power in increments of 16 hours. The 
temperature was increased in stops of 25°C, 
commencing at 150°C and terminating at 300°C or 
until 50% or more of the devices in a sample lot 
failed.* Electrical measurements were performed 
on all specified electrical parameters after each 
temperature step. See Table 1. 

DISCUSSION OF TEST RESULTS 
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3 . 1 G£Oijm_I_-_Pow^^ 

3.1.1 Texas Instruments . The Texas Instruments sample 
lot completed a total of 1750 hours of Group I 
Testing before the lot was stopped because of an 
excessive amount of mechanical failures due to 
handling. Serial number 4709 was listed as a 
handling failure 150 hours Into the 125% MRP step. 
Serial numbers 4703 and 4713 were listed as 
handling failures 250 hours Into the 125% MRP 
step. Serial number 4705 was listed as a handling 
failure 10 hours Into the 150% MRP step. Serial 
numbers 4711 and 4714 were listed as handling 
failures 25 hours Into the 150% MRP step. Serial 
number 4700 was listed as a handling failure 50 
hours Into the 150% MRP step. Serial number 4712 
was listed as missing from the Group I Testing 250 
hours Into the 50% MRP stop. Typical characteris- 
tics of this sample lot's performance were: 

1) The mean value for ^CBO changed 
32.90pA from an Initial mean of 21.33pA 
to a final mean of 54.20pA. 

2) The mean value for ^FR changed 4.1 
from an Initial mean of 169.5 to a final 
mean of 165.4. 

3) The mean value for '^CE(SAT)1 changed 
l.OmV from an Initial mean of 168. 6mV to a 
final mean of 167. 6mV. 

4) The mean value for '^CF.(SAT)2 changed 
2.5mV from an initial moan of 466. 4mV to a 
final mean of 460. OmV. 

The control units for this sample lot remained 
constant throughout the entire Group I Testing. 
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Motorola . The Motor-^la sample lot completed the 
entire 2S00 hours of Group I Testing with a total 
of three catastrophic failures. The first two 
catastrophic failures occurred 500 hours into the 
125% MRP step. Serial number 4765 failed the 
maximum '^CE(SAT) limit. Seiial number 4767 failed 
the maximum ^CBO limit. The last catastrophic 
failure occurred 50 hours into the 150% MRP step. 
Serial number 4769 failed because of an open 
emitter (see Failure Analysis, Appendix "A"). 
Serial numbers 4756, 4766, 4763, 4755 and 4770 
were removed from the Grouo I Testing as visual 
failures due to handling. Typical characteristics 
of this sample lot's performance were: 

1) The mean value for ^CBO changed 
383. 9pA from an initial mean of 705. 9pA 
to a final mean of 322. OpA. 

2) The mean value for changed 

25.5 from an initial mean of 117.8 to 
a final mean of 143.3. 

3) The mean value for '^CE(SAT)1 changed 
992. ImV from an initial mean of 175. 9mV to 
a final mean of 1.168V. 

4) The mean value for '^CE(SAT)2 changed 
995. ImV from an initial mean of 527. 9mV to 
a final mean of 1.523V. 

The control units for this sample lot remained 
constant throughout the entire Group I Testing. 


Statistical Summary - Group I . Table 4 outlines 
the results of Group I - Power Stress Process for 
each of the electrical parameters and all 
measurement points for both Texas Instruments and 
Motorola . 
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Texas Instruments . The Texas Instruments sample 
lot completed a total of 12B0 hours of Group II 
Testing before the lot was stopped because more 
than 50% of the lot had failed. The first six 
failures occurred 150 hours into the 225°C-tempera- 
ture step. Serial numbers 4721, 4722, 4724, 4727, 
4732 and 4734 failed the maximum ^CBO limit. The 
last five failures occurred 150 hours into the 
250^C- temper ature step. Serial numbers 4723, 4725, 
4730, 4735 and 4735 failed the maximum ^CBO limit. 
Typical characteristics of this sample lot's 
performance wore: 

1) The mean value for ^CDO changed 

499. 4nA from an initial mean of 376. 9pA to 
a final mean of 499. 8nA. 

2) The mean value for "fk changed 
319.7 from an initial mean of 178.9 to 
a final mean of 498.6. 

3) The moan value for '^CE(SAT)! 
changed 13.1mV from an initial moan of 
172. ImV to a final mean of 185. 2mV. 

4) The mean value for '^CE(SAT)2 
changed 9l.0mV from an initial mean of 
487. OmV to a final mean of 578. OmV. 

The control units for this sample lot remained 
constant throughout the entire Group II Testing. 

Motorol a . The Motorola sample lot completed the 
entire 1500 hours of Group II Testing with a total 
of two catastrophic failures. The first cata- 
strophic failure occurred 160 hours into the 
225°C- temperature step. Serial number 4772 failed 
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the minimum lim't. The last failure occurred 

K»0 hours into the JTS^C-temper ature step. Serial 
number 4784 failed the maximum ^CBO limit. Typical 
characteristics of this sample lot's performance 
were t 

1) The mean value for ^CBO changed 
33.12nA from an initial moan of 1.04nA to 
a final mean of 34.16nA. 

U 

2) The mean value for FF, changed 
14.4 from an initial mean of 134.4 to a 
final mean of 148.8. 

3) The mean value for '^CF(SAT)1 
changed 36.2mV from an initial mean of 
186. OmV to a final moan of 149. 8mV. 

4) The mean value for '^CF.(SAT)2 
changed 89.1mV from an initial mean of 
586. 2mV to a final mean of 497. ImV. 

The control units for this sample lot remained 
constant throughout the entire Group II Testing. 


3.2.3 


Statistical Summary - Group II . 
report outlines the results 
Temperature Stress I Testing, 
electrical parameters and all of 
points pertaining to both Texas 
Motorola . 


Table 5 of this 
of Group II - 
for each of the 
the measurement 
Instruments and 


3. 3 Group I II - Te mperature Stress II 

3.3.1 Texas Instruments . The Texas Instruments sample 

lot completed a total of 96 hours of Group III 
Testing before the lot was stopped because more 
than 50% of the devices failed. The first failure 
occurred 16 hours into the 225°C- temper ature step. 
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Serial number 474S 'ailed the minimum ^FE limit. 
The last eight failures occurred 16 hours into the 
275°C- temper ature step. Serial numbers 4739, 4741, 
4743, 4744, 4746, 4747, 4748 and 4762 failed the 
maximum ^Cno limit. Typical characteristics of 
this sample lot's performance werej 

1) The mean value for ^Cno changed 532.6 
nA from an initial mean of 608. IpA 

to a final mean of 533. ?nA. 

2) The mean value for ^FE changed 
144.7 from an initial mean of 180.3 to 
a final mean of 325.0. 

3) The mean value for '^CE(SAT)1 
changed 1.7mV from an initial mean of 
159. 3mV to a final mean of 157. 6mV. 

4) The mean value for '^CE(SAT)2 
changed 2l.3mV from an initial mean of 
•i'.,.8mV to a final mean of 476. ImV. 

The control units for this sample lot remained 
constant throughout the entire Group III Testing. 

3.3.2 Motorola . The Motorola sample lot completed the 
entire 112-hour Group III Testing with no 
catastrophic failure. Typical characteristics of 
this sample lot's performance were: 

1) The mean value for ^CBO changed 
0.296nA from an initial mean of l.65lnA 
to a final mean of 1.355nA. 

2) The moan value for *^FE changed 
16.1 from an initial mean of 127.7 to 
a final mean of 143.8. 

3) The mean value for '^CE(SAT)1 
changed 34.6nV from an initial mean of 
194. 4mV to a final mean of 159. 8mV. 
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4) The mean val to for '^CK(SAT)? 
changed 1.5mV from an initiol mean of 
‘>91.3mV to a final mean of 589, 8mV. 

The control units for this sample lot remained 
constant throughout the entire Group III Testing, 

Statist ical Summary - Group III , Table 6 outlines 
the results of Group III - Temperature Stress II 
Testing, for each of the electrical parameters and 
all of the measurement points for both Texas 
Instruments and Motorola, 

FINAL DATA SUWIARY 

Table 7 statistically summarizes the change in the 

mean value from the zero-hour data to the final 

data. The graphs of Figures 2 and 4 plot the 

cumulative percent failures versus the temperature 

stress level for Group II - Temperature Stress I, 

and Group III - Temperature Stress II, The graphs 

of Figures 3 and 5 plot the time step for Group II 

(IfiO hours) and Group III (15 hours) versus the 
T T 

temperatures 1 and 2 calculated from Figures 2 
and 4. Tables 8 and 9 summarize the failures 
encountered for all three stress groups. The 
failures are separated into two categories: 
catastrophic failures in Table 8 and parametric 
failures in Table 9, The data from Table 3 were 
used as a source for the graphs in Figures 2 
and 4, Figures 2 and 4 v/ere used as a source for 
the graphs in Figures 3 and 5, respectively. 
Junction temperature is plotted on an inverse 
hyperbolic scale. 
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CONCLUSIONS 

In 3umninry, we find that 11 parts were destroyed 
by handling and 2S other parts failed catastrophi- 
cally for various reasons. Many of the devices, 
from both manufacturers, failed due to thermal 
overstress which caused gold/aluminum intermetal- 
lics to form, and which degraded the col- 
lector-base junctions. The excess die temperature 
and i n ter met a 1 1 i c attack upon the oxide allowed 
metallic impurities to contaminate the oxide and 
thus degrade the transistor character ist ict 

A plot showing cumulative failure distribution for 
Groups II and III was drawn for the Texas 
Instruments sample lot (Figures 2 and 3), but a 
complete plot for the Motorola sample lot could 
not bo drawn due to an absence of failures in the 
Group III Testing. Figures 2 and 3 display the 
data for the Texas Instruments sample lot used to 
calculate an activation energy of 2.38eV. 

A broken circle aroun«l a marked point on the graph 
indicates a freak failure not calculated as part 
of the regression line. A solid circle around a 
marked point indicates an isolated main failure 
point. The regression line was calculated using 
the least squares method. 
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Tho activatton energy was calculated from the 
Corniula : 


E ■ 

Where: 1 1 
t , 

4 

T 

T, 



eV 


step of Group II “ Temp Stress I *160 hrs, 
step of Croup Ml “ Temp Stress II ■ 16 hrs. 
temperature in of 161 failure for Group II. 
temperature in of I6t failure for Group Ml. 


NOTK: 

* Conditions for failure: 

A) Open or short 

n) Leakage exceeds the maximum limit by 100 times. 

C) Other parameters exceed MIL limits by 50% or more. 
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TEXAS INSTRUriENTS JANTX2N2905A 
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CUMULATIVE PERCENT FAILURES (%) 

FIGURE 2 

Cumulative Percent Failures Versus Junction Temperature, Texas Insturments 
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>75“C I K) 16 100160 10^ 10^ KD^ 

TIME (HOURS) 

FIGURE 3 

Time Steps Versus Junction Temperature, Texas Instruments 
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CUMULATIVE PERCENT FAILURES (%) 

FIGURE 4 

Cumulative Percent Failures Versus Junction Temperature, Motorola 
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TA»M. 2 

PARAMETERS AND 'TST CONDITIONS 


SPEC. LIMIT 


parameter 

CONDITIONS 

^CBO 

Per MIL-STl)-750. Method 3036, 
Bias Condition D 
V, R - -SOVdc 

^■1! 

VcE • 

Ij. ■ -0. ImA dc 

\e(SAT) 

Ij, ■ -1 SOmA dc 

ip ■ -15mA dc; Pulsed 

\e(SAT) 

1^ " -500mA dc 

I„ ■ -50mA dc; Pulsed 

D 



CAT. LIMIT 


NOTES: 

y In addition, .my opon or short sh.ill bo ronsidorcd catastrophic 



TABLE 3 

POWER STRESS BURN-IN CONDITIONS 
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NOTE 

FOR TABLES 
4 THROUGH 7 


The minlmum/maximuifl initial and final 
data generally have an absolute accuracy 
of +1% of the reading and + one digit 
except for readings greater than 9.99mA 
which have an absolute accuracy of +2% 
of the reading and + one digit. The data 
also have a resolution for four digits. 
The standard deviations, means, delta 
means, and average means are, therefore, 
valid indicators of trends over time and 
temperature, excepting the minor 
statistical computer error of supplying 
a constant number of significant digits. 
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APPENDIX A 
FAILURE ANALYSIS 


POWER STEP STRESS 


I 
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26 


JANTX2N2905A 



Pate 20 April 1978 

■T/ M 2CN242-04A P/M 2N2905 (PNP) MPR TEXAS INSTRUMENTS 




1 

1 S/N 

**'^CE0 

-volts- 

BV 

CBO 

-volts- 

*CB0 

-uA- 

^''CB - 
50 V. 

«''eco 

-volts 

® ^c - 

lOOpA; 
VcE* lOV 

V 

BEO 

-volts- 
0 I 

‘beo- 

10 mA 

INITIAL 
RRJ. AT TEST 
SEQUENCE NO.: 

INITIAL 
REJ. FOR: 

1 4706 

72 

86 

0. 2nA 

U) 

185 

0.78 

35 (150r, Power, 
50 Mrs.) 

Catastrohplc- 

visual 

1 4708 

70S 

100 

0. 2nA 

7.3 

122 

0.76 

25 (125Z Power, 
150 Hrs.) 

Catastrophic- 

visual 

1 4711 

70 

108 

10. nA 

7.6 

172 

0.78 

33 (150% Power, 
25 Hrs.) 

Catastrophic- 

visual 


INTERNA L VISUAL INSPECTIO N: S/N 4711 has some arpas of non-slgnlf leant abraded metallization 

under the glasslvatlon (Figure A-1). The other 2 samples show no significant anomalies. 


All rejected samples in this sublet have a missing external emitter lead. (Total of 8 includ- 
I ing 2 control units.) 

* CONCLUSIONS ; All the selected samples were functional and within acceptable limits. The 
only significant anomaly was the breaking off of the extcsrial wire leads. This breaking was 

I caused by tlie use of close hole sockets on the burn-in boards. The leads had to be bent 

together for burn-in at each stage and then spread to normal separation for each test. These 
samples experienced from 25 to 35 cycles of bending and spreading before I Ley broke. The 

I main bending stress is concentrated where the leads exit from the glass of the header and 
all glass seals are somewhat cracked from this flexing (see Figure A-2). 

Bend tests were performed on undamaged samples and on the remaining leads of the damaged 

( samples and no evidence of crystallization or brittleness was found in 3 right angle bend 
cycles per wire. 

Sample size - 8 ea. 

I Failure Analysis - 3 ea. 


*f*FE trace present. Cannot meet stated test conditions. (Leaky) 
** 'fe trace very leaky. 


D=drift H=hysteresis Inv=inver sion R=resistive S=soft Uns=unstable 
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JANTX2N290SA 


ORIGINAL PAGE IS 
OF POOR QI’AI TTY 



FinilKR A- 1 

S/N A71I, Trx.TH luBtrumontR Die Heometry, IA4X. 
(Tlie d.irk .ircns In Che mctnl I iztit ion 
arc mechanically disturbed.) 



FKIURF. A-2 

S/N 4 760, Magn 1 f I cat Ion 5X. 
Typical lead bendlnR for 
Insertion in burn-in board. 




Date 26 April 1978 

2CN242-04A p /fj 2N2905 (PNP) mFR MOTOROLA 


M. 1 X ■ Min ■ 

10 nA 75 


1 

S/N 

1 

BV 

CEO 

-volts- 

1 BV 

CBO 

-volts- 

*CBO 
-UA- 
0 VcB - 
50V. 

Q9 

0 Ic ■ 
lOOpA; 

''CE “ 
mv 

V 

BEO 

-voltsO 

®Ibeo ■ 

10mA 

INITIAL 
RRJ. AT TEST 
SF.QUENCB NO.t 

INITIAL 
RBJ. FORt 

|4761 

75 

96 

0. 4nA 

B 

100 

0.78 

1-5 (50Z Power, 
150 Hrs.) 

Ne 


1(F*33^ 

90 

0. 4nA 

7.0 

159 

0.75 

(175X Power, 
250 Hrs.) 

Catastrophic - 
lead off 

B 

open 

short 

CD 

open 

— 

— 

35 (150% Power, 
50 Hrs.) 

Catastrophic 


INTERNAL VISUAL INSPECTION ; S/N 4769 has been destroyed by electrical overstress (see 
j Figure A-4) . 

The other two samples show no significant Internal anonwilies. 

I * S/N 4770 has a missing external emitter lead. This sublot contains nine devices with 
missing leads, including one control unit. 

CONCLUSIONS ; S/N 4769 was destroyed by high current operating over a long period of time. 

I The emitter metallization and silicon were melted, as well as the internal gold emitter wire. 
(See Figure A-3.) The appearance of the damage suggests that the overstress current was 
greater than 2 amperes and flowed for longer than 100 microseconds. The voltage was not 

greater than the device breakdown of 30 to 75 volts. (S/N 4765 and 4767, which were not 

I failure analyzed, also exhibited open emitters and are presumed to have the same failure 

mode as S/N 4769.) The source of the massive overstress is not known but the tests 

suggest themselves as possibilities. 

I - Refer to Texas Instrument's analysis for a discussion of broken external ler is. 

Sample size - 9ea. 

, Failure Analysis - 3 ea. 


V Initial breakdown occurs at 10 Volts and by increasing current, the second breakdown 
occurs at 33 Volta. 


*JJfe trace present. Cannot meet stated test conditions, (Leaky) 
**^FE trace very leaky. 

D=drift H=hysteresis Inv = inver sion R=resistive S=soft Uns=unst?.ble 
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Ft(;UKK A-J 

S/N 4761, Typlcnl Mntoroln Instruments 
Die Geometry, 144X. 




FKUIRK A-4 

S/N 4769, Mdtorol.i Device Destroyed 
by Electrical Ovcrstress, 144X. 
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FAILURE ANALYSIS 


Date 27 Anrll 1<^78 


J/M_ 

2CN242-04B 

P/N 

2N2905 (PNP) 

MPR 

TEXAS INSTRUMENTS 


( 

• 

1 

S/1 

BV 

CEO 

-volts- 

BV 

CBO 

-volts- 

^CBO 
-uA- 
VCB - 
50 V. 

BV 

EBO 

-volts- 

h__ 

0 ic ■ 
lOOviA; 
VCE " 
10 V. 

V 

BEO 

-volts- 

0 1 ■ 
BEO 

10 mA 

INITIAL 
RRJ. AT TEST 
SEQUENCE NO.x 

INITIAL 
REJ. PORt 

1 4722 

0.58 

4.8R 

1.03mA 

7.2 

R 

0.8 

15 (lOOZ, 160 Hrs. 
225°C) 

^CBO* ^FE 

1 4725 

13.5 

56S 

S.OpA 

7.2 

54 

0.79 

17 (lOOZ, 160 Hrs. 
250^0 

^CBO 


0.6 

13. 5R 

600uA 

7.3 

R 

0.78 

15 (lOOZ, 160 Hrs. 
225°C) 

^CBO’ ^FE 

— 


* 








INTERNAL VISUAL INSPECTION 


The appearance and conclusions for this subgroup are the same as for J/N 2CN242-04C 
(Texas Instruments). 

Sample size - 3 ea. 

Failure Analysis - 3 ea. 


I trace present. Cannot meet stated test conditions. (Leaky) 

**"fe trace very leaky. 


D»drift H=hysteresis Inv=inver sion R=resistive S»soft Uns=*unstable 



























JANTX2N2905A 



Fir.URK B-1 

S/N 4722, Typicnl Tpxns Instruments 
Die Appearance, I60X. 
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FAILURE ANALYSIS 


(TEMPERATURE STRESS II) 


J/M. 





• 

Date 28 Apr<i 1978 

2CN242-04B 

P/N_ 

2N2905 (PNP) 

nn_ 

MOTOROUi 


Mnx. Min. 

10 nA 75 


S/N 


1 

*CBO 

-WA- 

0 V - 
' CB 

50 V. 

^''ebo 

-volts- 

BH 


INITIAL 
REJ. AT TEST 
SEQUENCE NO.i 

INITIAL 
REJ. FORt 

4772 

5t>»801l 

97 

0.4nA 

7.2 

4.6 

0.78 

15 (100%. 160 Hrs. 
225°C) 

‘'fe 

4780 

80H 

92 

0. 4nA 

V 0 
BCO ^ 

V 

CEO(S 

7.2 

10mA ■ 
,T> » 

179 

0.75. 

mA ■ 0.3' 

0.78 

• 

19 (100%, 160 Hrs. 
250OC) 

'^CE 

1 4784 

42-^82H 

104 

0.5pA 

7. 1 

158 

0.76 

19 (100%, 160 Hrs. 
275°C) 

^CBO 

1 










INTERNAL VISUAL INSPECTION 
S/N 4772 and 4780 have no 
S/N 4784 exhibits silicon 


significant visual defects. 

damage on the base-collector junction (see Figure B- 


3) 


*uFE trace present. Cannot meet stated test conditions. (Leaky) 
**"fe trace very leaky. 


D»drift H»hysteresis Inv»inver sion R=resistive S«soft Uns*unstable 
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JANTX2N290SA 



P/N 477 2 This sample has lost most of Its current 
gain without exhibiting any other junction 
anomalies sufficient to explain that loss. This 
suggests that the decreased hpp was due to loss of 
emitter injection efficiency - specifically a loss 
of hole lifetime and/or mobility. Such a change 
could be induced by drifting of impurities under 
the Influence of the high power and temperature 
used to stress the device. The change (increase) 
in collector-emitter breakdown voltages upon 
opening the packages and the hysteresis seen on 
those measurements is evidence that contamination 
was indeed present within the packages. 

S/N 4 7fl0 This is a good unit. The '^BEO and '^CBO 
forward voltage data given above confirms that 
there is no abnormal resistance present in the 

V 

contacts or package, and the CE(SAT) at 
■ 150mA was within specified limits. This is 
considered to be a measuring error reject, 
possibly for poor contact, since the external 
leads of this sample are oxidized. 

S/N 4787 There is a collector-base junction defect 
on this sample which breaks down at 70 volts. As 
the collector-base voltage is raised, a resistive 
trace appears on the curve tracer from 70 volts to 
the true breakdown at 104 volts. This defect is 
j the cause of the excessive leakage for which the 

sample was rejected. See Figure B-3. 

I Sample Size » 3 

Failure Analysis ■ 3 

I 
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FICIIRK H-2 

S/N 4772, Typical Motorola 
Die Geometry, 160X. 



FKUIRK B-1 

S/N 4784, Motorola Sample, 200X. 

Arrow indicates collector-base junction defect. 
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APPENDIX C 
FAILURE ANALYSIS 
TEMPERATURE STRESS II 


I 

1 

t 
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JANTX2N2905A 


FAILURE ANALYSIS 

(TEMPERATURE SIRESS II) 


2CN242-04C 


2N2905A 


Date 20 March 1978 
TEXAS INSTRUMENTS 


Max. ■ 

10 iiA 



. 7S 15S 

O.uns 84ur 

. 5S 16S 

.8S 4.5 


*CB0 

-UA- 

0 V - 
CB 

50 V. 

BV 

EBO 

-volts- 



< 1 OnA 

7 .0 

%n 

7.2 

1.0 

7. 1 

120. 

7.2 

600. 

7.4R 


INITIAL 

-voltH- TpsT 

^BEO “ SEQUENCE NO. : 

10 mA 


0. lyA; 0 I 


VCE - 


INITIAL 
REJ. FOR: 


0.75 

OV70~’ if (2 500)' 


- not re jt'ctcd - 

•’FE* ^CBO 


0.65 09 (2250) 
0.68 11 (250°) 
0.76 15 (300«) 


Catastrophic 

hpE* ICBO 
Catastrophic 


The BV and BV readiiiKa were measured at 5iiA. Actual breakdown had not been 
LbU i.BU 

reached on S/N 739, 747 and 752. The readings were also below breakdown 

LdU 

voltages. 


INTERNAL VISUAL INSPECTION 


All samples have severe intermetal 1 ic formation surn>undlng the base and emitter lead wires. 
No other significant defects were visable (see Figure C-l). 


OTHER TESTS 


Upon stripping the metallization and lead wires chemically, areas of damage to the surroundin) 
oxide could be seen under the former intermeta 1 1 ics (see Figure C-2). 


CONCLUSION 


Tliese samples failed due to thermal overstress whicli caused gold/aluminum intermetal I Ics to 
form, and which degraded the collector-base Junctions. The excess die temperature and inter- 
metallic attack upon the oxide allowed metallic impurities to contaminate the oxide and thus 
degrade the transistor characteristics. The emitter-base junctions did not degrade because 
the higher boron concentration of the emitter diffusions gettered the impurities at the 
emitter-base Junction. Sample size - 5 ea. Failure Analysis - 5 ea. 


*. FE trace present. Cannot meet stated test conditions. (Leaky) 
**”fe trace very leaky. 


* FE trace very leaky. 

D=drift H=hysteresis Inv=inver sion R=resistive S=soft Uns=unstable 
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FICUKF-: C-2 

S/N 739. S.jme Die ns Flpnre C-l , 152X. 
After strippinp, the met n I I i 7;nt Inn nnd wire bonds. 
Arrow Indlrntes dnmnged oxide which 
was attacked by the intermetal 1 Ics. 


FICURF. C-l 

S/N 739, Typical Overall Die View, 152X. 

Dark areas of ODmr^ 

intermeta 1 1 ics surround the emitter PAGE 13 

and base ball bonds. POOR QUAuni 





